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© Measuring circuit for continuous, accurate measurement of direct and alternating current 



© The present invention relates to a measuring 
circuit for continuous and accurate measurement of 
direct and alternating currents, comprising a mag- 
netic integrator having a transformer (T1), and an 
amplifier circuit (A), a magnetic modulator including 
two identical transformers (T2, T3), and an energiz- 
ing circuit (OSC), and a peak detector (PD), con- 
nected as shown. The magnetomotive force gen- 
erated by the current (ii) to be measured is com- 
pensated by a secondary current 02) from the am- 
plifier circuit (A), in such a way that the mean flux in 
^the transformers (T1. T2, T3) becomes zero. The 
^output circuit of the amplifier circuit (A) is provided 
with a non-linear resistance (not shown), through 
2 which the secondary current fe) is flowing for com- 
^pensation of a current (ii) in excess of the rated 
current of the amplifier circuit (A), such that during 
^pan excess current interval the measuring circuit op- 
t^-erates as a conventional current transformer. For 
^ restoring the zero-flux operation after the primary 
e«cess current is removed, a circuit consisting of a 
^•saturation detector (VD) and a buffer or calibration 
"euupjifier circuit (B) is provided. 
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Measuring circuit for continuous, accurate mea- 
surement of direct and alternating current 

The present invention relates to a measuring 
circuit for continuous and accurate measurement of 
direct and alternating currents, comprising a trans- 
former with a primary winding passed through by 
the current to be measured, a control winding, and 
a secondary winding, which are accommodated in 
the input and output circuit respectively of an am- 
plifier circuit, and which are connected in such a 
way that the flux change caused by a current 
variation in the primary winding is virtually elimi- 
nated by a proportionate current variation in the 
secondary winding, a correction circuit which works 
in concert with the amplifier circuit in such a way 
that the residual flux caused by a primary direct 
current is virtually eliminated by a proportionate 
direct current in the secondary winding, and by 
means of which the mean value of the flux is 
maintained virtually at zero under drift phenomena, 
and a load passed through by the secondary cur- 
rent, while during the occurrence of a primary 
excess current the transformer functions as an or- 
dinary current transformer for alternating current 
during the excess current interval. 

Such a circuit is described in the article "Zero- 
Flux Current Transformer for Wide-Band Precision 
Measurement in AC and DC HV systems, Proceed- 
ings IEE Fourth International Conference on AC 
and DC HV Power Transmission, London, 23-26 
Sept. 1985". 

The magnetomotive force generated by the 
current in the primary winding of a transformer is 
compensated for herein by a current coming from 
the amplifier circuit in such a way that the resulting 
field in the transformer core becomes zero. 

Use is made here of an amplifier circuit which 
acts as a magnetic integrator and a magnetic 
modulator as correction circuit for maintaining the 
working point (flux » zero) of the integrator. In 
addition to a number of important advantages, in 
particular a very accurate current measurement, 
this known circuit has the following limitations: 

For the measurement of excess currents the 
amplifier would have to be designed for the highest 
peak value which could be expected for the excess 
current, which is expensive and consequently al- 
lows use only if the quality of the measurement 
takes precedence over economic requirements, for 
example in the scientific field: 

If the primary current is already flowing before 
the circuit is operational, so that the magnetic ma- 
terial is saturated, no signal can be derived for 
finding the working point of the integrator; due to 
the necessary short voltage interruption, the circuit 
ts less suitable for, for example, transmission or 
- distribution applications. 



The object of the invention is to eliminate these 
limitations and make the circuit suitable for wider 
applications. The circuit according to the invention 
is thereto characterized in that connected over the 
5 output of the amplifier circuit is a non-linear resis- 
tor, through which when a particular limit voltage is 
exceeded the current will increase sharply if the 
output current of the amplifier circuit is limited. 
The amplifier can now be dimensioned for an 
w output current which corresponds to the rated value 
of the primary current, and the transformer will act 
as a conventional current transformer during the 
excess current interval. The secondary current is 
here generated by the voltage induced in the sec- 
75 ondary winding. 

In a preferred embodiment of the invention, the 
non-linear resistor consists of two Zener diodes 
which are connected back-to-back-in series. Ad- 
vantageously, the non-linear resistor can also con- 
20 sist of at least one switch which bridges the output 
of the amplifier circuit when the rated value of the 
secondary current is exceeded. 

Another preferred embodiment according to 
the present invention is characterized in that by 
25 means of the at least one switch the output of the 
amplifier circuit is alternately bridged via a positive 
and a negative voltage source during the intervals 
which correspond to the intervals at which the 
secondary current has a positive or a negative 
30 direction, so that the voltage-time area of the volt- 
age induced in the secondary winding is minimal 

Yet another embodiment according to the 
present invention is characterized in that the non- 
linear resistor is connected parallel to the series 
35 circuit of the secondary winding and the load. 

According to yet a further embodiment of the 
invention, the non-linear resistor connected in this 
way can also consist of a first and a second series 
circuit of a switch and a supply source, these two 
40 series circuits being connected in parallel to a 
series circuit of the secondary winding and the 
load, and in which -depending on the direction of 
the secondary excess current - either the switch 
and the supply source of the first or the switch and 
45 the supply source of the second series circuit are 
operational, the selection of the switch and the 
supply source of the two series circuits being such 
that the voltage-time area of the voltage induced in 
the secondary winding is minimal, 
so Since, however, during the occurrence of a 

primary excess current the measuring circuit ac- 
cording to the present invention operates as an 
ordinary current transformer, saturation can take 
place during an excess current situation, inter alia, 
55 due to a primary direct current or a direct current 
component in the primary alternating current. In 
order to restore the zero-flux situation again when 
the primary current returns to within the rated val- 
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ue, in yet another preferr d embodiment the mea- 
suring circuit according to the invention is provided 
with a detection circuit by means of which the 
saturation state of the cores can be indicated, in 
such a way that during the saturation state a 
relaxation-oscillator circuit is cios d, so that the 
output current of the amplifier circuit traverses its 
entire working range once the primary excess cur- 
rent is removed. Here, that value at which the 
magnetomotive force generated by the primary 
winding is compensated for by the magnetomotive 
force generated by the secondary winding will also 
be reached. The correction circuit, which will in 
consequence start functioning in its working range, 
produces a signal which fixes the working point of 
the integrator and puts the relaxation-oscillator cir- 
cuit out of action. 

Yet another preferred embodiment according to 
the invention is characterized in that the correction 
circuit has a saturation detector, a switch, and a 
second amplifier circuit, the second amplifier circuit 
being controlled by the voltage across the load, 
and the saturation detector, after a detected satura- 
tion of the transformer core, shutting off the switch, 
as a result of which a. relaxation-oscillator is cre- 
ated, consisting of an amplifier circuit, the secon- 
dary winding, the second amplifier circuit, and the 
switch, and in which as soon as the primary excess 
current is removed the relaxation-oscillator controls 
the amplifier circuit in such a way that there is 
complete compensation for the primary current 
causing saturation of the transformer core. 

The main advantage of the measuring circuit 
according to the present invention is that accurate 
current measurement over an extremely large mea- 
suring range is possible. Up to the rated value of 
the direct or alternating current, the measuring is 
according to the zero-flux principle, resulting in 
high accuracy. Above the rated value, measure- 
ment takes place with the usual accuracy accord- 
ing to a conventional current transformer for al- 
ternating current, the magnetizing current of which 
is very small relative to the excess current to be 
measured. A second advantage is that the detec- 
tion circuit ensures that, when the excess current 
disappears, the current measurement is quickly 
restored according to the zero-flux principle. 

The invention will now be explained in greater 
detail below with reference to the appropriate fig- 
ures. 

Fig. 1 shows the circuit diagram of the mag- 
netic integrator known from the above-mentioned 
publication. 

Fig. 2 gives an example of an embodiment of 
th combination of a magnetic integrator with a 
correction circuit for fixing the working point, also 
as disclosed in the said publication. 
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Fig. 3 serves to illustrate one of the known 
methods on which the working of the correction 
circuit is based. 

Figs. 4, 5, 6 and 7 indicate schematically how 
5 according to the present invention the secondary 
excess current can be conveyed fully or partially 
bypassing the amplifier. 

Fig. 8 shows a circuit by means of which 
through variation of the output current of the am- 

10 plifier the value is scanned, so that a balance is 
achieved between the magnetomotive force gen- 
erated in the primary and secondary windings. 

In Fig. 1 , T1 is a toroidal core of a tranformer 
which is provided around a conductor which forms 

re the primary winding W1 through which the current 
ii to be measured flows. The core is also provided 
with a secondary winding W2, which is accom- 
mated in the output circuit of the amplifier A, and a 
tertiary control winding W3 which is connected to 

20 the input of the amplifier A. The output circuit of A 
is closed by a load resistor Rb. The polarity of the 
magnetomotive force generated by the amplifier 
circuit in W2 is such that any change in the flux in 
the core under the influence of the voltage induced 

25 in W3 is counteracted by a change in the output 
current of the amplrfier. 

If we assume an ideal amplifier with a 
frequency-independent infinite amplification factor 
and no offset and drift, then no change in the 

30 magnetic flux in the core T1 is permitted. For a flux 
change in the core will result in an induced voltage 
in the winding W3, which as input signal affects the 
output current of the amplrfier in such a way that 
the flux change is eliminated. The induced voltage 

35 ins W3, and consequently the magnetic flux in the 
core, must remain zero. The amplifier will therefore 
transmit such a current through the winding W2 
that there is complete compensation for the mag- 
netomotive force generated by W1 . The current in 

40 the secondary circuit is thereby an accurate repre- 
sentation of that in the primary circuit, but w1/w2 
times as large, w1 being the number of turns of 
winding W1 , and w2 being the number of turns of 
winding W2. 

45 In reality, the amplification factor is finite and 

frequency-dependent, and there is offset and drift. 
As a result, a slight voltage will be induced in W3 
for the flux compensation. The flux in the core will 
change slowly and creep towards saturation. On 

so reaching the saturation point, the normal function- 
ing of the circuit ends. In order to prevent this, a 
correction circuit is added (see Fig. 2), which has 
two wound cores T2 and T3 identical to T1 . 

The windings W1 and W2 now ail have three 

55 cores. T2 and T3 together with the alternating 
voltage source OSC and the peak detector PD form 
part of a so-called magnetic modulator. The win- 
dings W3 of T2 and T3 are each connected to the 
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alternating voltage source OSC by means of resis- 
tors R2 and R3 respectively. The source OSC 
results in such a magnetizing current that the two 
cores T2 and T3 are constantly driven in saturation. 

The shape of this magnetizing current is shown 5 
in Fig. 3, the left half illustrating the situation with- 
out residual magnetic field, and the right half illus- 
trating the situation with a means residual field 
deviating from zero in the cores. The first line of 
Fig. 3 shows the magnetizing flux, line 2 the mag- 10 
netomotive force proportionate to the magnetizing 
current, which in the situation shown in the right 
half also exhibits a saturation peak, and line 3 
shows the variation with time of the output signal of 
the peak detector PD. 75 

If the average value of the magnetic field in the 
cores is zero, the magnetizing current will be sym- 
metrical in shape, as shown in the left half of Fig. 
3. The positive and negative peak values are iden- 
tical. If the two values are substracted from each 20 
other after peak rectification, then the difference is 
zero. This is no longer the case if the mean value 
of the magnetic field is no longer zero, as shown in 
the right half of Fig. 3. The magnetizing current is 
asymmetrical in shape which results in a difference 25 
signal as output signal of the peak detector PD. 

The polarity and size of this difference signal 
are a measure of the sign and the size of the 
residual magnetic field in the cores. If this signal is 
now fed together with the signal from winding W3 30 
of T1 in the correct polarity to the amplifier A, it will 
produce such current that the residual field is kept 
extremely small. The size of this residual field is 
determined by the amplification factor of A. 

It will be clear that by means of the magnetic 35 
modulator not only the offset and drift influences of 
the amplifier A can be compensated for, but also 
residual magnetic fields as a result of stationary or 
transient direct currents or direct current compo- 
nents in the current ii to be measured. The secon- 40 
dary current h is therefore an accurate representa- 
tion of the primary alternating or direct current or a 
combination of both. 

In principle, one extra core, for example T2, 
could suffice in addition to T1. In order to avoid 45 
voltage being induced in the primary and secon- 
dary circuit as a result of the alternating voltage in 
W1 and W2 fed by the source OSC to W3 of T2, 
T3 is added with W3 and R3 and connected in 
such a way that the voltages induced by the source 50 
OSC via T2 in W1 and W2 are eliminated by an 
induction voltage in counterphase. The total in- 
duced voltage in the primary and secondary circuit 
is thereby virtually zero. 

In order to avoid measuring errors as a result 55 
of the loading of resistor Rb, and in order to obtain 
a standardised measuring range, a buffer or 
calibration amplifier circuit B is provided parallel 
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to Rb, and has adjustable feedback. The amplifier 
circuits A and B are preferably symmetrical dif- 
ferential amplifiers, for example operational amplifi- 
ers whin can be fed from the mains supply to be 
monitored or by means of external voltage sources 
(not shown). The resistor Rb is preferably a preci- 
sion resistor of high accuracy and stability. 

If in consequence of the primary current the 
magnetomotive force is greater than the maximum 
compensating magnetomotive force generated by 
the output current of the amplifier circuit, the zero- 
flux state is disrupted. Due to the flux change and 
without additional means such voltage will then be 
induced in W2 that the necessary compensating 
current required for this is driven via the output 
circuit of the amplifier circuit A. This excess current 
could damage the amplifier circuit. 

Fig. 4 shows a circuit according to the inven- 
tion by means of which the excess current can be 
conveyed completely or partially bypassing the 
amplifier circuit In this figure, R represents the 
sum of the load resistor Rb and the ohmic resis- 
tance Rw of the winding W2. Disposed across the 
output of the amplifier circuit A is a voltage-con- 
trolled non-linear resistor, for example a bipolar 
Zener diode circuit Z, comprising two Zener diodes 
connected back-to-back in series. Up to a particular 
limit value of the output current of the amplifier 
circuit only a slight, negligible current will flow 
through Z. If this limit is exceeded, then the current 
of the amplifier circuit will no longer increase and 
will be added to by the current through the Zener 
diode at such a value that there is compensation 
for the magnetomotive force caused by the primary 
excess current. The output voltage of the amplifi r 
circuit A is virtually unable to increase and will be 
limited at a particular value U1. Since W2 is now 
acting as a "supply source", Lh will also change 
direction due to the higher voltages induced in W2 
thus it will, as it were, "reverse". The Zener diode 
circuit 2 acts in this situation virtually as a short 
circuit. The amplifier acts in current limitation, or is 
taken to a blocked state during the excess current 
interval by a control circuit (not shown). 

Fig. 5 shows the variation in the voltage U2 
across W2, Ui across Z, and U3 across R, and the 
current i 2 through W2, assuming a primary excess 
current which varies in a rectangular fashion with 
time (where the core is not saturated). The rectan- 
gular form is assumed here for the sake of simplic- 
ity. 

During the time thast a primary excess current 
is flowing the circuit shown in Fig. 2 works like an 
ordinary current transformer. Because the amplifier 
circuit A is blocked, and consequently the correct- 
ing action of the magnetic modulator, any residual 
magnetic field in T1 is no longer corrected. 
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The flux change in the cores is determined by 
the voltage-time area of U2, in other words, the 
surface which is hatched in Fig. 5. If the excess 
current is a direct current or has a direct current 
component, saturation will occur after some time, 
which means that no further flux increase is possi- 
ble, so that the induced voltages become zero and 
the secondary current is no longer a measure of 
the primary current. 

This situation can be observed, by means of 
the saturation detector VD shown in Fig. 2 from the 
phase difference btween the voltage over R2 and 
the output voltage of the alternating voltage source 
OSC or the voltage over W3. In the case of an 
unsaturated core the current and the voltage of W3 
are shifted in phase. This phase shift is virtually 
zero in the saturated state, because the current is 
now largely determined by the resistance in the 
circuit. By means of a switch K operated by the 
output signal of the saturation detector, this situ- 
ation can be indicated by external signalling, and a 
switch-off command to a main switch in the pri- 
mary circuit can, for example, be given via the 
control and/or protection system. 

It will be cleasr that the active cross section of 
the core has to be selected in such a size that the 
required excess current can be measured during 
the required time. 

The induced voltage over W2 can be reduced 
and thereby at a given active cross section the 
excess current and the measuring time increased 
by replacing 2 in Fig. 4 by the switch S. This 
switch S is closed if the maximum current to be 
delivered by the amplifier circuit A is exceeded. 

In Fig. 6 the voltage-controlled non-linear resis- 
tor 2 is replaced by two switches S1 and S2. In 
normal operation S1 and S2 are opened. If the 
secondary current h exceeds the maximum value 
to be supplied by the amplifier, then the control 
circuit ST of the switches, which is connected 
parallel to the load resistor Rb, becomes operative 
and closes a switch depending on the polarity of h. 
The control circuit can have a comparator in the 
usual way to measure the size and polarity of the 
voltage across Rb and compare it with a preset 
value. The control circuit preferably has sufficient 
hysteresis to produce a stable switching. The am- 
plifier circuit functions during the closing intervals 
in current limitation or is brought to in the blocked 
state. Instead of two switches S1/S2, use can, of 
course, be made of one common two-way switch. 
The switches can be either mechanical or elec- 
tronic components. Since the voltage U1 itself can 
be reversed in the circuit of Fig. 6, using the 
voltage sources B1/B2, Lb -in which saturation is 



brought about -will also be positively influenced, in 
other words, the saturation is delayed and thus 
measurements can take place for a longer time 
during excess current. 
5 Fig. 7 shows the voltage curve in a similar way 

to that in Fig. 5. Part of the voltage Lb is now 
supplied by the supply source B1, B2 respectively, 
so that U2 -and thereby the voltage-time area there- 
of - is smaller here than in Fig. 5. The saturation of 

70 the magnetic core is hereby, as it were, "delayed". 

During an excess current situation the mag- 
netic integrator - and consequently the magnetic 
modulator -is out of action. When in consequ nee 
of the excess current the cores have reached a 

75 saturated state, the magnetic modular gives off no 
further correcting signal. For the magnetizing cur- 
rent in W3 of, say, T2 is now virtually solely 
determined by the resistor R2 and the alternating 
voltage source OSC, which means that it has a 

20 symmetrical shape, which is also the case in the 
zero-flux state. When the primary current comes 
within the measuring range again, because of the 
saturation state of the cores, the magnetic modula- 
tor cannot ensure that the working point of the 

25 magnetic integrator is recovered. A similar situation 
occurs also when the cores are already saturated 
before a primary current starts to flow. 

In order to take the cores out of the saturation 
state and recover the working point, the mag- 

30 netomotive force balance must be located. For this, 
the output current of the amplifier circuit of the 
magnetic integrator must traverse its entire working 
range, which is achieved through temporarily pro- 
viding a positive feedback circuit 

35 Fig. 8 gives a block diagram of a circuit which 

can be used for this. The saturation state is again 
found from the phase change of the circuit relative 
to the voltage in the energizing circuit formed by 
OSC, W3 and R2 of the core T2 or the value of the 

40 voltage over W3, as shown in Fig. 2. Once the 
saturation state is detected, the saturation detector 
VD closes the mechanical or electronic switch S3. 
The output of the second amplifier circuit B, which 
is controlled by the voltage across Rb, is th n 

46 connected to the input of the amplifier circuit A. 
Once the primary excess current is removed, the 
thus closed circuit forms in principle a ready-made 
relaxation-oscillator which makes the output current 
of the amplifier circuit A traverse its entire working 

50 range. In excess current situations the amplifier A 
is not, however, capable of processing the excess 
current, and the relaxation-oscillator will therefore 
not work. Once the current is again within the 
range of the amplifier, the relaxation-oscillator be- 

55 comes active. The output current will ther by reach 
that value at which there is compensation for the 
magnetomotiv force generated by the primary 
current. The cores consequently come out of the 
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saturation state. The magnetic modulator can again 
give a correction signal, while through an action of 
the saturation detector the switch S3 is opened. 
The relaxation-oscillator consequently stops imme- 
diately. The correction signal coming from the 
magnetic modulator restores the normal working 
point of the magnetic integrator. For the sake of 
clarity, the excess current circuit according to the 
invention, for example as shown in Figs. 4 and 6, is 
not shown in this block diagram. 

The measuring circuit according to the present 
invention has a relatively broad-band measuring 
range, which means that transient currents can also 
be measured accurately. The structure and design 
are such that external magnetic fields can have 
only a negligible influence. 

It goes without saying that the invention is not 
limited to the embodiments discussed above and 
shown in the figures, but that modifications and 
additions can be provided, for example in the lay- 
out of the correction circuit, the mutual arrange- 
ment of the magnetic cores, or the use of other 
non-linear current-controlled or voltage-controlled 
elements for making the excess current bypass the 
amplifier A, without going beyond the scope of the 
invention. 



Claims 

1. Measuring circuit for continuous and ac- 
curate measurement of direct and alternating cur- 
rents, comprising a transformer with a primary 
winding passed through by the current to be mea- 
sured, a control winding, and a secondary winding, 
which are accommodated in the input and output 
circuit respectively of an amplifier circuit, and 
which are connected in such a way that the flux 
change caused by a current variation in the pri- 
mary winding is virtually eliminated by a propor- 
tionate current variation in the secondary winding, a 
correction circuit which works in concert with the 
amplifier circuit in such a way that the residual flux 
caused by a primary direct current is virtually elimi- 
nated by a proportionate direct current in the sec- 
ondary winding, and by means of which the mean 
value of the flux is maintained virtually at zero 
under drift phenomena, and a load passed through 
by the secondary current, while during the oc- 
curence of a primary excess current the trans- 
former functions as an ordinary current transformer 
for alternating current during the excess current 
interval, characterized in that connected over the 
output of the amplifier circuit is a non-linear resis- 
tor, through which when a particular limit voltage is 
exceeded the current will increase sharply if the 
output current of the amplifier circuit is limited. 



2. Measuring circuit according to Claim 1 , char- 
acterized in that the non-linear resistor consists of 
two Zener diodes connected back-to-back in se- 
ries. 

s 3. Measuring circuit according to Claim 1 or 2. 

characterized in that the non-linear resistor consists 
of at least one switch which bridges the output of 
the amplifier circuit when the rated value of the 
secondary current is exceeded. 

io 4. Measuring circuit according to Claim 3, char- 

acterized in that by means of the at least one 
switch the output of the amplifier circuit is al- 
ternately bridged via a positive and a negative 
voltage source during the intervals which corre- 

75 spond to the intervals at which the secondary cur- 
rent has a positive or a negative direction, so that 
the voltage-time area of the voltage induced in the 
secondary winding is minimal. 

5. Measuring circuit according to Claims 1 to 4, 
20 characterized in that the non-linear resistor (2) is 

connected parallel to the series circuit of the sec- 
ondary winding (W2) and the load (Rb). 

6. Measuring circuit according to Claim 5, char- 
acterized m that the non-linear resistor consists of 

25 a first and a second series circuit of a switch 
(S1/S2) and a supply source (B1/B2), these two 
series circuits being connected in parallel to a 
series circuit of the secondary winding (W2) and 
the load (Rb), and in which -depending on the 

30 direction of the secondary excess current - either 
the switch (S1) and the supply source (Bl) of the 
first or the switch (S2) and the supply source (B2) 
of the second series circuit are operational, the 
selection of the switch (S1/S2) and the supply 

55 source (B1/B2) of the two series circuits being such 
that the voltage-time area of the voltage induced in 
the secondary winding is minimal. 

7. Measuring a circuit according to Claims 1 to 
6, provided with a detection circuit by means of 

40 which the saturation state of the cores can be 
indicated, characterized in that during the satura- 
tion state a relaxation-oscillator circuit is closed, so 
that the output current of the amplifier circuit tra- 
verses its entire working range once the primary 

45 excess current is removed. 

8. Measuring circuit according to Claim 7, char- 
acterized in that the correction circuit has a satura- 
tion detector (VD), a switch (S3), and a second 
amplifier circuit (B), the second amplifier circuit (B) 

so being controlled by the voltage across the load 
(Rb), and the saturation detector (VD), after a de- 
tected saturation of the transformer core, closes the 
switch (S3), as a result of which a relaxation-oscilla- 
tor is created, consisting of the amplifier circuit (A), 

55 the secondary winding (W2), the second amplifier 
circuit (B), and the switch (S3), and in which as 
soon as the primary excess current is removed the 
relaxation-oscillator controls the amplifier (A) in 



BNSDOCID: <EP 0261707A1_I_> 



11 0 261 707 12 



such a way that there is complete compensation 
for the primary current causing saturation of the 
transformer core. 
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